The urinary excretion of histamine was followed in female rats after adrenalectomy or sham operation. The 
activity in the tissues. This decrease is probably caused by the outflow of the enzyme into the lymph (Carlslcn 1950) .
The decrease in histaminase activity after adrenalectomy led Rose Se Browne (1941) to study the effect of adrenalectomy on the tissue histamine content in rats. They found an increase in certain tissues. This has been confirmed by Marshall (1943) , Geiringer Se Hardwick (1953) , Hicks Se West (1958) and Bartlet Se Lockett (1959) , although the results have varied as to the magnitude of the increase and the tissues affected.
As entirely new aspect of the relation between histamine and the adrenal cortex has been provided by Schayer and his co-workers (Schayer et al. 1955; Schayer 1956 ). Using 14C-labelled histidine they found that the rate of forma¬ tion of 14C-histamine in vitro by some rat tissues, notably skin and lung, was diminished after treatment with cortisone and increased after adrenalectomy. The stomach reacted in a reverse manner, showing an increase in histamine formation after cortisone and a decrease after adrenalectomy. These observa¬ tions suggest that the rate of histamine synthesis is controlled by the adrenal cortex. This affords another explanation for the changes in tissue histamine content after removal of the adrenal glands.
The present paper describes experiments in which the urinary excretion of histamine was followed in rats before and after adrenalectomy. It was felt that analysis of the urinary histamine might give complementary information about histamine metabolism as a whole in the adrenalectomized animal. Some of the findings have been published in a preliminary report (Bjurö Se Westling 1959 The urine was collected in 24 hours' samples in vessels containing 0.5 ml 10 hydro¬ chloric acid which gave the collected specimen a pu below 2. After volume measurement and filtration the urine samples were stored at -20°C until assayed for histamine. The urine was then neutralized to pn 7.4 (bromothymol blue) with sodium hydroxide, suitably diluted with Tyrode's solution and assayed against a standard solution of histamine (0.1 µg base per ml) on the guinea-pig's isolated ileum in a 4.5 ml bath (Barsoum 8c Gaddum 1935). The The identity of the gut-contracting substance in rat urine was checked with mepyramine as described by Reuse (1948) .
RESULTS
Preliminary experiments.
Preliminary experiments were made on 7 rats, which were not injected with aminoguanidine and which were given water as drinking fluid. Five of the rats were adrenalectomized and 2 were sham operated. The latter animals showed no significant changes in the urinary histamine. In 3 of the 5 adrenalectomized rats the urinary excretion of histamine showed a moderate increase, which occurred after 8-10 days. In the other 2 rats there was no change in the urinary histamine even immediately before death in adrenal insufficiency. It was concluded that adrenalectomy caused an increase in the urinary output of histamine in some rats kept on water and not given aminoguanidine, but that the increase was sometimes small or absent in spite of severe adrenal insufficiency.
Main series of experiments.
In the following experiments all rats were in-* The hormones were kindly supplied by Ciba-produkter AB, Stockholm, Sweden. jected with aminoguanidine once daily and the urinary excretion of histamine was followed from 6 to 8 days before operation. (Fig. 2) .
Groups 2 A and 2 S-Adrenalectomy or sham operation with saline as drinking fluid
The 9 adrenalectomized animals kept on saline showed practically no change in body weight after the operation (Table 1) and were in a much better general condition than the adrenalectomized animals given water to drink. All rats, except one, showed a distinct and progressive increase in urinary histamine (Fig. 1) (Fig. 5) . In these rats small changes in urinary histamine were seen, similar in direction to those in adrenal¬ ectomized rats. Note that saline in the sham operated rat shown in Fig. 5 caused an increase in urinary volume while the urinary histamine was only slightly elevated.
In 24 rats saline was substituted instead of water 3 days before the operative procedure (groups 2 A, 2 S, 3 C and 3D). In nearly all of these rats the change from water to saline led to a small increase in the urinary histamine. The For explanations see Fig. 4 . mean increase in all animals was 16.1 ± 3.7 µg and was statistically significant (P £ 0.001).
Groups 3 D and 3 C. Substitution therapy in adrenalectomized animals with saline as drinking fluid
The animals given cortexone maintained their body weight (Table 1 , group 3 D) and were in a good general condition. Nevertheless, the urinary histamine increased progressively from the 4th to the 6th postoperative day up to very high levels (Fig. 3) . Again, there was no relation between the outward signs of adrenal insufficiency and the output of histamine into the urine. Four adrenalectomized rats were given substitution with cortisone and 2 were given cortisol. The results with these two steroids were very similar and the 6 rats are shown as group 3 C in Table 1 and Fig. 3 . All rats were in a good general condition. However, they suffered a substantial loss in body weight. This weight loss was not caused by adrenal insufficiency but was a result of the relatively high doses of cortisone and cortisol. The urinary histamine was significantly elevated during the 2nd to the 4th day after adrenalectomy. Then a gradual reduction occurred, but in 2 rats the values were high even on the 10th to 12th day after removal of the adrenal glands.
DISCUSSION
The present experiments indicate that adrenalectomized rats kept on saline as drinking fluid exhibit an earlier and more marked rise in the histamine ex¬ cretion than adrenalectomized animals given water to drink, in spite of the fact that rats kept on water have a more marked degree of adrenocortical in¬ sufficiency. The difference between rats on water and rats on saline tended to disappear in animals in which there was no change in treatment for more than 8 days after adrenalectomy. However, the experiments with alternations between water and saline show that such a difference must exist even beyond the 7th day. We cannot at present offer any explanation for the discrepancy between these two sets of observations. It is possible that there is a time factor involved in the mechanism by which the drinking fluid affects the urinary excretion of histamine in the adrenalectomized rat.
These observations on the urinary histamine can conveniently be correlated with observations on the tissue histamine content in adrenalectomized rats.
Rose Se Browne (1941) (Bjurö, to be published). It appears that these losses can at most account for changes in the urinary histamine of the order of 10-15 %.
It is unlikely that the observed increase in urinary histamine after adrenal-ectomy is caused by a diminished activity of histamine (diamine oxidase), since it also occurs during treatment with aminoguanidine in doses which will inhibit this enzyme completely (Schayer et Schayer (1956) found an increased histamine formation in some tissues (e. g. skin and lung) but a decreased one in the stomach. As judged from the observations on the urinary excretion, the net result seems to be an increase. Marshall (1943) also found the histamine content of the whole body to be increased by 31°/o in adrenalectomized rats kept on water as drinking fluid.
Cortisone, but not cortexone, can depress histamine formation in rat skin (Schayer et al. 1955 ) and can normalize elevated tissue histamine levels after adrenalectomy (Hicks Se West 1958) . The present finding that cortexone could not maintain the urinary histamine normal after adrenalectomy agrees with these observations. However, adrenalectomized animals given cortisone or cortisol also had an increased urinary histamine. The increase manifested itself soon after the operation and then tended to disappear slowly. This effect of cortisone and cortisol is difficult to explain on the basis of the observations presented and is being further studied.
The transient increase in urinary histamine after sham operation may be related to the increase in histamine content of abdominal skin observed after sham operations on the back (Geiringer Se Hardwtck 1953) . Recently, evidence has been obtained that there is a rapid histamine formation in the skin sur¬ rounding a healing wound in rats (Kahlson et al., pers. comm.) . It is possible that some of this newly-formed histamine escapes into the urine after a sham operation.
